Many species of pathogenic bacteria have been reported from marine fishes in Japan: Aeromonas salmonicida (atypical), clamydia like organisms (epitheliocystis organisms), Edwardsiella tarda, Flexibacter maritimus, Lactococcus garvieae (syn. Enterococcus seriolicida), Mycobacterium sp., Nocardia seriolae (syn. N. kampachi), Photobacterium damsela subsp. piscicida (syn. Pasteurella piscicida), Pseudomonas anguilliseptica, Pseudomonas putida, Renibacterium salmoninarum (in maricultured salmonids), Staphylococcus epidermidis, Streptococcus equisimilis, Streptococcus iniae, Vibrio alginolyticus, Listonella anguillarum (syn. Vibrio anguillarum), Vibrio ichthyoenteri, Vibrio ordalii, Vibrio trachuri and some other minor or unknown species. These bacteria usually give damages to some limited fish species, however, most of them have been found to be distributed in other cultured and wild fish species which will be possible hosts or carriers of pathogens. Drug resistance, deteriora tion of water around farms, and spread of pathogens by transporting seedling fish are the major problems for the control of disease in Japanese mariculture.
Intensive marine fish culture was started in the farm ing of yellowtail Seriola quinqueradiata at around 1927 in Japan. At present more than 30 fish species are cultured, most of them being cultured in net cages at shallow area. However, result of aquaculture, success or failure, is always influenced by the prevalence of fish disease.
In spite of efforts to develop new drugs and improve culture techniques, bacterial disease is still a serious problem in marine aquaculture in Japan. In this paper, diseases occurring in maricultured fish in Japan are described with some topics on serious ones.
Outline of Fish Diseases
Recent production of maricultured fish is shown in Table 1 . Yellowtail, red sea bream Pagrus major, coho salmon Oncorhyncus kisutch, olive flounder (Japanese flounder) Paralichthys olivaceus, Japanese horse mack erel Trachurus japonicus, tiger puffer Takifugu rubripes, striped jack Pseudocaranx dentex, filefish Stephanolepsis cirrhifer, black sea bream Acanthopagrus schlegeli and crimson sea bream Evynnis japonica are the main fishes produced in fish farms. Totally, 271,000 tons of fish are produced by aquaculture in 1994. Damages in Table 1 .
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Fax: +81-888-64-5197 Table 2 . Annual economical losses due to diseases in marine fish culture in Japan these fish due to diseases are shown in Table 2 . A total of about 200 million U.S. dollars including the cost for medication is lost every year in Japanese mariculture industry. Table 3 shows pathogenic bacteria of marine fish and their host fish reported in Japan. Among diseases caused by Gram-negative bacteria, Edwardsiella tarda infection in olive flounder, red sea bream and yellow tail, Flexibacter maritimus infection in red sea bream and olive flounder, Photobacterium damsela subsp.
piscicida (syn. Pasteurella piscicida) infection in yel lowtail and black sea bream, Listonella anguillarum Table 3 . A list of bacteria pathogenic to marine fish in Japan Table 4 are authorized by the Japanese Government. Frequent use of those drugs is always accompanied with occurrence of drug resistant bacteria, and several mechanisms for acquiring resistance in fish pathogenic bacteria were reviewed by Aoki (1992) . Resistance of fish pathogens to drugs develops not only year by year but also seasona in one ye
Profile of Major Diseases
Streptococcus infection of yellowtail The most serious damage is caused by L. garvieae infection in yellowtail of all the fish diseases. This dis ease was first reported in 1976 (Kusuda et al., 1976) and later the causative bacterium was named as Enterococcus seriolicida (Kusuda et al., 1991) . Recently it was found to be a junior synonym to L. garvieae (Teixeira et al., 1996) . The disease has been called streptococcicosis or streptococcus infection because the causative bacte- Edwardsiella tarda infection Edwardsiellosis is the most serious disease in floun der farms. Infected flounder show abscess in the liver and kidney, swelling of abdomen with accumulation of ascites and herniar of the intestine. Affected red sea bream show granuloma in the head and caudal peduncle. The bacterium isolated from red sea bream, crimson sea bream and yellowtail does not show motility (Kusuda et al., 1977; Yasunaga et al., 1982) . However, the isolates from flounder and other fish including freshwater fish show motility by their flagella. Oxytetracycline, florfenicol and oxolinic acid are used for treatment of the disease.
Gliding bacterium infection F. maritimus (Wakabayashi et al., 1986 ) is the major pathogen of this bacterial group observed in flounder, red sea bream, yellowtail and other marine fishes. The infection occurs frequently in juvenile and young fish from spring to early summer and sometimes in cold season. Erosion accompanied by haemorrhage is ob served in the skin and fins of infected fish. Secondary infection with vibrios and opportunistic pathogens easily occurs in seriously infected fish. The bacterium requires at least 30-50% of sea water for the growth in the culture medium (Baxa et al., 1986; Wakabayashi et al., 1986) . Sodium nifurstyrenate (Baxa et al., 1988) and oxytetracycline are used for medication.
Nocardia infection
The causative bacterium was named N. kampachi in the first report on this disease (Kariya et al., 1968) . However, as the name was not validated, N. seriolae was proposed by Kudo et al. (1988) . Infected fish have many tubercle-like lesions in the kidney, spleen and musculature and on the gill which are observed as white spots (Kubota et al., 1968) . Abscesses are frequently formed in the muscle and under the skin. The infec tion is chronic and the infected fish live long showing clinical signs. The infected fish are observed mainly from late autumn to winter, however, the infection can be found throughout the year occurring in mixed infec tion with P. damsela subsp. piscicida, L. garvieae or L. anguillarum (Kusuda and Kawahara, 1987) . The bacterium is isolated by using Ogawa egg medium and shows branching cells and weakly positive when stained by Ziehl-Neelsen's acid fast staining. Long term oral administration of drugs is necessary, although it is diffi cult to cure the diseased fish completely.
Mycobacterium infection
The disease caused by Mycobacterium sp. prevails in cultured yellowtail from late autumn to winter (Kusuda et al., 1987) . Swelling of the abdomen by the accumu l ation of ascites, enlargement of the kidney and haem orrhage in the abdominal wall and intestine are observed. Miliary tubercles are formed in the kidney and spleen occurring in hard white spots. The causative bacterium is clearly positive for Ziehl-Neelsen's acid fast staining.
The infection is chronic and chemotherapy is not avail able (Kawakami and Kusuda, 1990) . Diseased fish are frequently affected by secondary infection with L.
garvieae and L. anguillarum.
Bacterial hemolytic jaundice
Recently, a disease with serious damages occurs in cultured yellowtail showing jaundice as the typical clini cal sign. The causative bacterium was isolated and confirmed its pathogenicity, but taxonomical position has not been identified yet (Sorimachi et al., 1993) . It can be observed under a microscope that the bacteria are "attacking" erythrocytes in the blood of moribund fish. The bacterium can be cultured in Leibovitz L-15 medium. As the bacterium is not successfully cultured on agar medium, it is not characterized enough to iden tify its taxonomic position.
Conclusions
Infectious diseases do not occur only by the presence of the pathogen even if it is absolutely pathogenic.
Environmental conditions of farms and physiological conditions of fish are the principal factors for the dis ease outbreak in fish cultured in artificially restricted circumstances.
There reported many cases of infec tions occurring in marine fish hatcheries in recent years (Muroga, 1995) , which became an obstacle to produce healthy seedling fish for wild stock enhancement or farm culture.
Once the infection occurs, it takes much effort and time to exterminate the pathogen from the production system and infected fish will be the source for dispersion of the pathogen in the environment. It is easy to presuppose the occurrence of disease in the farms or hatcheries where good culture environment and nutritionally well-balanced feed are not provided.
Spread of diseases due to transfer of infected or patho gen-carring seedling fish is an urgent problem to be controlled domestically as well as internationally. Disease resistance supporting nutrients, chemotherapeu tic drugs, immunostimulants and vaccines are expected measures to prevent diseases from spreading. However, it is more essential to develop techniques to keep fish healthy and to establish legislation for management of hygiene.
